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This invention relates to & method and appa-
ratus for observing the performance of aircraft
in flicht and is expected to have its greatest
usefulness in producing a record of the perform-
ance of an aircraft in taking off from a runway.

A principal object of the invention is to pro-
vide efficient apparatus and a simple method for
producing a chart or record indicating the

<

change in altitude of an aircraft as it leaves .

the runway and rises to higher levels for reg-
ular flight and which will carry indications which
will enable the altitude of the aircraft to be
readily computed. In this way the character of
the take off can be studied to ascertain whether
the gain in the elevation is gradual, regular or
irregular.

Another object of the invention is to provide a
simple apparatus and method for obtaining a
succession of pictures of the craft on which
reference lines are employed which will indicate
the position of the aircraft on the length of
the runway, as well as indicating its elevation
above the runway, or at.least having indications
from. which these factors can be computed.

A further object of -the invention is to pro-
vide apparatus of simple construetion providing
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ments that are carried on the upper side of this
cover and which cooperate in the functioning
of the apparatus. In this view a corner of the
cover is broken away.

Pig. 4 is a view illustrating a short section
of the film which has been produced in accord-
ance with this method and employing this ap-
paratus. This film section shows three succes-

. sive pictures taken with a time interval between

them and indicating how an airplane gained
elevation while these three pictures or “frames”
were being taken. )

Fig. 5 is a plan of the apparatus with the cover

removed and indicating elements of the appa-
ratus, some of which are shown in full lines
and some of which are shown in dotted lines. In
this view the handles at the end of the casing
are represented as being broken away.
- Fig. 6 is a fragmentary view and is a vertical
section upon an enlarged scale, taken about on
the line 6—6 of Fig. 5.

Fig. 7 is a detail plan view showing a portion

. of the feeding apparatus for the film and the
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means for taking a succession of timed pictures .

on a film and to facilitate the camera being held
at all times in a level position so that it is ca-
pable of being readily oriented on a fixed axis so

as to maintain the aircraft under observation:

within the field of view of the apparatus.

Another object of the invention is to provide
simple means for controlling the feeding move-
ments and exposure of the film in taking the se-
ries of pictures that can be made with the ap-
paratus.

Further objects of the invention will appear
hereinafter. '

The invention consists- of an efficient method
and apparatus for charting aircraft flight.

In the drawings, ‘ )

Fig. 1 is a view illustrating diagrammatically
the relation of the apparatus to the runway from
which the airéraft takes off and this view illus-
trates also diagrammatically a circuit arrange-
ment for controlline the operation of the shutter
and the timing of the successive exposures.

Fiz. 2 is a perspective of the apparatus with
tre cover removed and showing the general ar-
rancement of the elements of the apparatus that
are mounted within its casing.
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Fig. 3 is a perspective illustrating the cover

of the casing of the apparatus removed from

the body of the casing and illustrating the ele-

means for controlling the operation of the shut-
ter. In this view a portion of the upper frame

plate is broken away and a certain pulley and

gear wheel which are in vertical alienment with
each other are also broken away so as to dis-,
close parts of the apparatus located below them.

Fig. 8 is a bottom plan view of the film-feed and
shutter controlling subcombination shown in Fig.
7, sighting in the direction of the arrows;

Tig. 9 is a perspective view of the shutter with
certain parts broken away and shown in section
and showing its relation to the light aperture
and the frame that is fed past the aperture.

Fig. 10 is a view illustrating the mounting for
the instrument shown partly in elevation and
partly in section. This view partly illustrates
means for leveling up the. support for the in-

.strument to enable it to be oriented on a sub-

stantially verfical axis.

Fig. 11 is a fragmentary vertical section taken
about on the line {1—I11 of Fig. 5 passing through
the light aperture, further illustrating details of
the means for operating the shutter. This view
omits the film guide but indicates the position
of the film with relation to the light aperture.

Fig. 12, which is a fragmentary view, is a hori-
zontal section taken about on the line 12—I12 of
Fic. 9, further illustrating details of the shutber.

In the drawing I have illustrated this inven-
tion as applied to apparatus for making a rec-
ord of the performance of an airplane in taking
off from a runway or field, which record can be
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employed to prepare a chart indicating the rate
at which a plane gains altitude as it rises from
the runway.

In Fig. 171 illustrate diagrammatically the rela-
tion of the apparatus or instrument to the run-
way I, and I also illustrate diagrammatically g
wiring arrangement which may be employed, in-
cluding a timing device that determines the time
interval between the “shots,” exposures, or pic-
tures that are taken in succession as the airplane
rises from the runway.

In Fig. 1 the assembly of parts at 2 represents
apparatus which includes a camera or pantoscope
that, in the present instance, is embodied in a
casing 3 (see Fig. 2). This casing in the present
instance is of substantially rectangular form and
includes a light-proof transverse box or light
tunnel 4, that extends in g front and rear direc-
tion in the camers casing 8, presenting its for-
ward open end 5 toward the airplane, the flight
of which is to be observed; and, as indicated in
Fig. 11, the rear end of this light tunnel is
formed with g light aperture 6 through which
rays of light are focused by a photographic gb-
Jective comprising g pair of lens elements T and
8. The two lens elements are properly spaced
with reference to each other, along the axis of the
light tunnel so as to properly focus the light rays
" gathered by the objective onto a light-sensitive
fllm 9 that is fed with g step-by-step movement
past the light aperture 6. o

In order fo enable the instrument to be. inain-

tained sighted on'the airplane as it runs along..
- the runway and takes off from the same, I prefer s

to provide the camera-casing ‘3- with..a. cover 10
(see Fig. 3) which carries g view finder. If de-
sired, this finder mmay comprise a front element | {
in the form of a small rectangular frame with 3
vertical or hairline wire {2 extending across this
frame. One edge of this frame may be pivotally
mounted on a small bracket 3 S0 as to enable the
element to be folded down flat on the cover or top
10 when the instrument is not in use. The rear
element of the finder is mounted adjacent the
rear edge of the cover {0 in line with the front
and rear axis indicated by the line § 4, and com-
prises peep-hole or sight opening {5 formed in
the upper end of a small plate {6, the bottom edge
of which is pivotally mounted in a bracket 17 to
enable the plate to be folded down when not in
use.

In order to insure that the camera will be in a
substantially level position when in use, I may
provide the cover 10 with two spirit levels 18 and
19, the former of which is located on the front
and rear axis {4, the other level being mounted
on a transverse axis 20 disposed at right angles
to the front and rear axis (4. There is also pro-
vided means for adjusting the level of the camera
to level up the axis of the lens assembly, as will
be explained hereinbelow, In doing so, the op-
erator of the instrument is guided by the spirit
levels 18 and 19.

The ends of the camera box are provided with
two handles 2t and 22 to facilitate the orienting
of the instrument to follow the airplane and
maintain the camera sighted on the airplane at
all times while pictures are being taken upon the
film 9, . .

In order to enable the ‘camera to be oriented ag
described, it is supported on a bearing, preferably
an anti-friction bearing 23 (see Fig. 10}, so that
the camera can be rotated on the substantially
vertical axis of this bearing, which axis coingcides
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with that of a central spindle 24 that extends up
through the bearing and through the bottom wall
25 of the camera box or casing 3 to carry a table
26 that is fixed to it. This table is of substantially
circular form and is llustrated in Fig. 2. The
spindle 24 carries a base collar 21 that is at-
tached to it by a set screw 27/, and this collar rests
upon a base plate 28, upon which it is non-rotat-
ably held. This base plate can be adjusted about
the front and rear axis 14 and also on a trans-

verse axis by means of four adjusting screws 29 .

having heads 30 that rest upon the top of a ped-
estal 31, said pedestal 3| being mounted in the
usual manner on the supporting legs 3la (Pig. 2)
of a tripod of well known construction. These
adjusting screws 29 pass loosely through the
base plate 28 and have nuts 32 above and below
the plate that can be clamped to the plate to
bring it into a position that will hold the axis of
the bearing 23 substantially vertical. The con-
nection of shaft 24 with the tripod is of the usual
type used for transits and the like, permitting
leveling of the camera by adjustment of the
screws 29,

The spindie 24, as will now be understood, can
be adjustably moved into g position in which the

Same is substantially vertical so that the camers.

when it is moved to maintain the aircraft in'the
fleld of view of the lens system rotates. about a
vertical axis coincident - with the axis of the

- spindle. - This axis of rotation is normal to the

+ -optical-axis of the lens system-and intersects the
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‘system, is optically

-same at the second or rear nodal point of the

system. As the -afrcraft, as viewed by the lens
at infinity, the rear nodal
point coincides with the principal point and de-

‘fines the intersection of the optical axis of the

lens system and the transverse - axis thereof so
that the camera thus is rotatable about the
transverse axis of the lens system,

It is well known that a lens system may be ro-
tated about the transverse axis thereof without
displacement of the image so that when the
camera is rotatably moved to maintain the air-
craft within the fleld of view of the lens system
there is no displacement of the image in the
image space of the system.

I provide means associated with the apparatus
for indicating the oriented position of the axis
of the lens assembly at the instant of taking each
picture. While various means may be employed
employed for accomplishing this, in the present
instance I prefer to provide an arcuate screen 33
that may be supported, if desired, in a groove
34 formed on the upper side and near the edge of
the table 26 (see Fig. 2).

This screen 33 is of semi-circular form with the
axis of its arc coinciding with the axis of the
spindle 24, so that when the camera is. being
Swung around to maintain the airplane within
the field, the screen will always be located quite
close to the light aperture 6, that is, it lies sub-
stantially in the foecal plane of the lens system
(see Fig. 11). This screen is translucent and
preferably formed of clear material so that it is
actually transparent. Tt is provided with an ori-
entation-indicating scale with predeterminedly
spaced vertical reference lines 35 that are num-
bered from g zero point at the middle of the arc
of the screen, and extend around through sub-
stantially 90° toward each end of the screen.
Whenever a picture is taken on the film, the ver-
tical lines 35 with their degree numbers such as
the degree numbers 65, 70, 75, etc., will be imaged




2,521,667

5.
on the film, and when the film is developed they
will appear clearly on the fllm. -

In addition to the vertical lines 35, the screen is
also preferably provided with predeterminedly
spaced horizontal reference lines 36 that form
a scale for indicating the elevation of the plane.
These horizontal lines 36 would also be numbered
consecutively from the lower edge of the scale
upwardly, and equidistant from each other so
that when the images 37, 38 and 39 appear on suc-
cessive frames or pictures 48, the position of the
image on-the picture gives information that en-
ables the vertical component or rise of the plane
to be readily computed. This is indicated in Fig.
4, where the camera is supposed to have picked
up or started the pictures at the right of the run-
way while pointed in the general direction ihdi-
cated by the line 4f. In the pictures as shown in
Fig. 4, for example, the image 37 is “taken” at
an instant when the aperture 6 was opposite the
orientation degree line indicating 75°; the next
one at 70° and the next one at 65°. Of course,
these degree indications stated are merely given
as examples because changes in degree of the
camera position would depend upon how close the .
camera was located to the runway. In mounting
the camera, of course, the zero position for the
axis of the lens gssembly would be in line with
the axis line.or vertical plane passing through
the axis line 42, which is at right angles to the
direction in which the runway | extends. As
the screen 33 on which the lines 35 and 36 are
formed substantially coincides with the focal
plane of the lens system in all positions of the
camera as it is moved about the axis of the
spindle 24, images of these lines have a prede-
termined fixed position in the image space of the
lens system and consequently on the developed
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any desired construction but in the present in-
stance it is constructed as illustrated in Figs. 9
and 11. These details will be described more
fully later in the specification. At this point,
however, it should be stated that this shutter 49
is actuated by shutter shaft 53 that is mounted
in a bushing 5i. Carried in the bottom wall 52

. of the light tunnel 4, this bushing has an en-

larged head 53 at its lower portion that can swing
to and fro in an arcuate slot 54 which is formed
through the table 26. Below the table the shutter
shaft 50 carries a rigid shutter arm 55 for rocking
this shaft 50 to operate the shutter.

—The feeding mechanism, of course, may be of
any desired construction, but is preferably con-
structed as illustrated in Figures 7 and 8, in order

_ to enable the feeding mechanism to be actuated
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film. The orientation of the image of the air-_

plane with respect to the image of the reference
lines can be used to computfe or determine the
position of the aircraft in the object space of

40

the lens system. As the screen is Aixed relative -

" to the lens system and as the latter is swung
about the transverse axis thereof passing through
-the rear nodal point of the system, accurate re-
sults can be obtained even though the operator
has not been able to maintain the airplane abso-
jutely centered in the field of view of the lens
system as the succession of pictures is taken.
Thus, if an exposure is made at a time when the
image of the aircraft as seen in the view finder is
displaced from the center thereof, the resulting
image of the aircraft on the film will be displaced
a like amount from the center of the picture, but
the image of the reference lines coinciding with
the image of the plane will nevertheless accu-
rately show the position of the aircraft in the
object space of the lens system.

Referring again to Fig. 2, the film 9 is drawn
from a supply reel 43 that in the present instance
is mounted at the right side of the camera casing
3, and the film passes from this supply reel
around g tension roller 44, from which point it
passes through a film guide 45 that is located
close to the outer side of the screen 3 (see Fig.
- 11) and is shown as mounted on short posts or
bolts 46 that are secured to the inner side of the
rear wall 47 of the camers casing. - .

Referring again to Figure 11, it will be noted
that the cover wall 41" of the light tunnel 4 ex-
tends rearwardly as far as the rear wall 41, the
light aperture 6 being formed in aperture plate 48.

Directly forward of the aperture plate 48 a
shutter 49 is provided. This shutter may be of
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through the agency of an electric coil in the elec-
tric circuit that is controlled by the timer, all of
which will be presently described.

Referring to Figs. 5, 7 and 8, I provide a sole-
noid 56 including a coil 57 and a core 58, said
core being attached to a link 58 that extends
over to the feed mechanism 608. This feed mech-
anism includes an upper frame plate 6 and a
lower frame plate 62, between which most of
the feed mechanism assembly is located. The
rear end of the link 59 is attached to a rocker
63 by pivot pin 64 that projects down from the
under side of the rocker (see Fig. 8). This
rocker has a hub 65 that is loose on a verticat
shaft 61, rotatably mounted between the frame
plates 61 and 62.

When the timer device closes the electric cir-
cuit through the solenoid coil 5%, the link 89 is
pulled in the direction of the arrow shown in
Fig. 7, and this will give a swinging movement
to the rocker 83 in a clock-wise direction, as
indicated by the arrow. This rocker carries a
pawl 66 mounted on the pivot pin §1° that is in
engagement with a ratchet §8 that is rigid with
the gear wheel 69, and the gear wheel has a
hub 10 (see Fig. 8) that is attached to the shaff
61 by a set.screw T{. This gear wheel 6§ meshes
with a smaller gear wh=el or pinion 12, the hub
13 of which is secured by a set screw 74 to an-
other shaft 715 that is also rotatably mounted
in the frame plates 61 and 62, and which pro-
jects upwardly above the upper plate 6f{ where
it carries a feed roller or sprocket roller 76 that
has equi-distant sprocket teeth 17 for engaginz
the sprocket holés 18 of the film 9. This will
exert tension on the film and pull it in the direc-
tion of the arrow indicated in Fig. 5, taking fiim
from the supply reel 43 and advancing it past
the light aperture 6, where the exposure of the
film is made.

The rocker 63 has a long stop arm 79 that
swings, over toward the left as viewed in Fig. 7
until its inclined end face 80 projects itself into
the path of one of four studs 8f that ‘project
down from the under side of the hub 82 cn the
under side of the small gear 12. This will stop
the rotation of the shaft 5, but not, however,
until the film is advanced through the iength of
one “frame” or picture. A detent pawl 83 is
pivoted at 84 on the lower frame plate §2 to en-

- gage the studs 81 in succession to prevent th:

A

fesd roller 16 from rotating backward. This de-
tent pawl is pulled toward the studs 81 by a coil
spring 85 (see Fig. 7) that is anchored to the
pawl 83 at the point 86. :

When the circuit through the coil §1 is broken,
the rocker 63 is pulled back to its position of
rest by coil spring 871 (see Fig. 7).




2,521,667

7

The driving pawl 66 carried by the rocker 63,
which rotates the ratchet wheel 68, is held yield-
ingly in contact with the ratchet wheel 68 by
means of a coil spring 88, one end of which is
anchored at 89 to the arm 19. .

This mechanism includes tensioning means
for exerting tension on the film by its take-up
reel. For this purpose the shaft 67 is provided
with a rigidly attached pulley 80 (see Fig. 8)
which is secured to the shaft by a small set
Screw 980°, and this pulley carries g spring belt
or tension belt 81 formed of 3 continuous coil
spring disposed in a loop around a tension pulley
92 that is loosely mounted on the shaft 93 that
carries the take-up reel 84 onto which the filin
8 wraps continuocusly. The shaft 93 is yield-
ingly urged to rotate in g direction to do this
through the agency of a coil spring 95 that is
mounted on this shaft 93 between the frame
plates 61 and 62, one end of this spring being
anchored at 96 in the under side of the pulley
92, with its other end anchored at 97 to a pin
that projects out from the side of the shaft 93.

The pulley 82 is supported on the shaft 93 by

means of a small set screw 98 mounted in a
collar 99, the tip of which runs in a circumfer-
ential groove 180 on this shaft, In this way, by
reason of the fact that the spring belt 8i con-
tinuously rotates the pulley 92 in a clockwise
direction, as indicated by the arrow in Fig. 1,
the spring 95 will be constantly wound up and
exert a torsional force upon the shaft 93. A key
101 on this shaft fits into a keyway on the take-up
reel 84 for imparting rotation from the shaft
to the reel 94.

Whenever the spring 95 becomes so tight that
it cannot be tightened any further, then the
spring belt will commence to slip in its groove
either on the driving pulley 90 or the driven
pulley 92,

In order to insure that the film will be con-
stantly held against the face of* the sprocket
roller 76, I may provide g presser plate 102 (sea
Tigs. 7 and 8), the outer portion of which is bent.
into an arc to form a shoe 103 that rests against
the side of the sprocket roller, and is vieldingly
held against the same by means of g coil spring
104. 'This spring is carried on a pivot post 105
on which the presser plate 102 is pivoted at the
two bearings 106. The body of this presser plate
{02 is preferably cut away to form a clearance
window 107 that reduces the area of contact
between the presser plate and the film, and this
plate has slits (98 cut in it near its ends to allow
clearance for the sprockets or teeth 17 that
engage the film to advance it. The other end
of the spring (04 is anchored on a post 09 that
pbrojects up from the upper side of the upper
bracket plate 61.

In Fig. 5 I illustrate
the pictures that have
is operated automatically by a connecting link ¢
that is attached to the link 59.

Referring now to the construction of the shut-
ter 49 illustrated in Fig. 9, this shutter com-
prises two shutter members 43¢ and 49p, These
shutters have triangularly formed bodies {1g
that are superposed upon each other, and both
attached friction-tight on the upper end of the
rock shaft 50. The outer portion of the shutter
492 consists of an arc-shaped wing (14 that is
slightly wider than the corresponding arc-shaped
wing 112 on the shutter member 49b, These two
112 have two vertical slits
or slots 113 and 114 formed in them,

a counter C for counting

been taken. This counter |
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When the rock shaft 50 is actuated, these shut-
ter members oscillate between two stop pins (1§
and {16. In the position illustrated in Figs. 9
and 12 the two shutter members have their adja-
cent side edges in contact with the stop pin (18,
and this is the position of rest for the shutter.
In this position the two slots 113 and 114 are out
of line with each other 50 that the shutter wil
prevent light from passing through the Hght
aperture 6.

When the solenoid coil 57 is energized by the
electric current passing through it, the arm 8§
shown in Fig. 11 will be pulled 50 as to rotate the
Shatt 50 in a clockwise direction as viewed in
Fig. 9. As the shutter members 49a and 490 are
friction-tight on the shaft 50, they will rotate
with it until the side edge of the wing {{{ adja-
cent to the pin 11§ engages this pin, During
this forward movement the shutter slits 113 and
114 are constantly out of register with each other

* 50 that no exposure is made on this stroke of
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‘spring washers (18

the shutter. When the edges adjacent the stop
pin [{6 strike this pin they will become aligned
with each other, and then the slots (13 and 114
will be in register with each other; so when the
spring 87 (see Fig. 7) pulls the rocker 63 back
to its position of rest, as shown in Pig. 7, the link
59 (see Fig. 5) will rotate the shatt 50 in an anti-
clockwise direction which will return it to its
position of rest shown in Fig. 8. As the shutter
moves in this return movement, the slots 113 and
{14 being in register, will make an exposure of
the film to light coming through the lens indi-
cated schematically at {{71 in Fig, 9,

The osclllating movement of the rock shaft ¥
should be ample to insure that the edges of the
shutter members will make a good firm contact
with the stop pins on each stroke of the shutter.
In other words, there is an over-drive through the
friction connection to the shutter members.

Any suitable friction connection may be em-
ployed for driving the shutter members from the ,
rock shatft 50. In Fig. 11 this is illustrated as in-
cluding a spacer or dise 118 that may be riveted
to the triangular body 110 of the shutter mem-
ber 48b. This disc ig preferably composed of
fibre or some other material that will develop
friction when clamped between the triangular
portions of the upper shutter member 49a and
the lower one 49b. This clamping pressure is
preferably developed by means of two or more
secured under a head or cap
disc 120 as illustrated in Fig. 11.

Referring again to Fig. 1, and. particularly to
the left-hand portion of this figure, the numeral
121 indicates a conventional timer device which
functions to deliver timed Impulses to the coil
51. - The timer ilustrated, includes an electro-
magnet (22 of fundamental horseshoe type, so
that it presents a core bar 123 carrying an elec-
tric coil 124, the ends of the bar being extended
to form two pole bieces 125 and 126. In the gap
between these pole pieces an oscillator 121 is pro-
vided in the form of g plate-like bar mounted to
oscillate on a pivot pin or shaft 128. When the
current is on, these poles 12§ and 126 will cause
the oscillator (which operates as an armature)
to rotate from its position of rest, indicated in
Fig. 1, toward a position in which the ends of the
oscillator 127 will lie near the poles 125 and. 128.
Due, however, to the inertia of this oscillator 121,
the ends of the oscillator will actually swing past
its alighed position with the poles {25 and {26, .
thereby building up some tensioning force in a
hairspring 29, One end of this spring is se-
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cured to the shaft 128, and the other end is an-
chored to a fixed anchor {30. This oscillator 121
carries a pin 131 which, as the oscillator moves
to and fro, strikes the end of a switch lever 132.
As the oscillator 121 swings to and fro, the pin
engages, and passes the tip of the lever 132, which
swings the other end of this lever to and fro so
as to make contact alternately with two fixed con-
tacts 133 and (34, as it contacts them.

The coil 51 is connected into a relay circuit
including a conductor (35 that leads to a relay
switch 136, carried on a metal lever 131, biased
by spring 137a in 2 direction to open the switch
136; and another conductor §38 that leads to
one side of a source of E. M. F', such as a bat-
tery 139.

Beyond the battery a conductor 140 is con-
nected by a short wire 141 to the switch {36. The
horseshoe magnet 122 is formed with a rear-
wardly extending pole 142 which, when ener-
gized, attracts the lever armature 1371. It is
necessary to provide a main switch 143 in the
pranch circuit that includes the coil 57. This
switch is shown near the battery in the conduc-
tor 140. Closing this switch will not energize
the coil 57 because the circuit will be open at the
switch 136.

In order to take the pictures at timed inter-
vals the wiring includes an oscillator circuit em-
ploying a conductor (44 that extends from the
conductor 138 to the pivot pin or shaft 145 on
which the lever {32 is mounted for oscillation,
and the end of the lever 132 is provided with con-
tacts 146 and (47 to cooperate with the contacts
133 and 134, to close and open the timing circuit
to alternately energize and de-energize the coil
124. One end of coil 124 is connected to the con-
ductor 148, and the other end of the coil is con-
nected to conductor 140 already referred to.

A shunt conductor, including the conductors
149 and 150, is connected at its ends to the con-
ductor {44 and the conductor 148. When a push-~
button switch (51 in this conductor is momen-
tarily closed, it completes a circuit through coil
{24 around the lever 132 contacts and this switch
is mounted in an accessible position on the ex-
terior of the housing 3 (see Fig. 2). This ener-
gizes coil 124, causing pole 142 to atfract switch
lever 137 which closes the circuit through coil 57
to start the feeding movement for the film.

The push-button switch 151 is necessary be-
cause the lever 132 is held normally in the neutral
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position, or rest position, by coil spring 152, one

end of which is anchored to the insulating post
153, and the other end of which is attached to the
side of lever 132 in line with its pivot shaft. With
this arrangement, the lever 32 is normally held
in the neutral or rest position shown in Fig. 1,
with the contacts (46, 147 spaced from the re-
spective contacts 133, 134 due to the fact that the
end of the spring (52 which is connected to the
lever 132 is attached at one side of the shaft 145,
and said spring is so arranged that its effective
line of force is in a dead center line between the
axis of shaft (45 and the post 183 so that the
effective pull of said spring on lever (32 main-
tains said lever in said neufral position when the
mechanism is deenergized. When the lever 132
is oscillating the spring 152 always tends to return
said lever to this neutral position. For example,
should the lever rotate in a clockwise direction
the point of attachment of the spring to the
lever will similarly rotate out of its aligned posi-
tion and the spring will therefore tend to pull
said lever in a counter-clockwise direction and
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back to its normal rest position. - Similar action
will oceur when the lever 132 rotates in a counter-
clockwise direction beyond its neutral position.

Although when this camera apparatus is in
use it is freely mounted for orientation at its sup-
porting shaft 24, as a matter of convenience the
housing is provided with means for locking it to
the stand which supports it. Means for this pur-
pose is illustrated in Fig. 6 and includes a locking
pin 154 that is mounted in a guide or bushing 159
attached to the bottom wall 25 of the casing 3.
The location for this locking pin is indicated in
Fig. 5. The lower end of the pin extends down
below a retainer plate 156 on which the pin is
supported by its collar {51. On the under side
of the fixed table 26 a socket 158 is formed which,
if desired, may extend through a socket plate 159
attached to the under side of this table. Of
course, this locking pin could be arranged to hold
the housing fixed in any desired oriented position,
but in practice it would usually be placed so that
when the pin 154 is pushed up into the socket, the
optical axis of the lens assembly will be in line
with the zero point on the scale of the screen or
grid 33. The rounded nose of the pin 154 should
be friction-tight in the socket 158. Of course,
the pin will be held in its withdrawn position by
gravity, and hence, there is no danger of the pin

accidentally engaging in the socket while the
camera is in use.

If desired, tension means may be provided for
urging the tension roller 44 toward the left, as
viewed in Fig. 5, to maintain the film under proper
tension, and also means may be provided for
preventing the supply reel 43 from racing. Any
suitable well known means may be used to pro-
vide such tension for the film and to prevent the
reel 43 from racing, and as these means form no
part of the invention they are not shown.

I shall now describe briefly the mode of opera-
tion of the complete apparatus. 4

Referring to Fig. 1, the instrument is set up for
orientation on its stand or tripod 3iae (Fig. 2) in
a position such that the optical axis of the objec-
tive passes through the zero point of the screen
33 and coincides with the line 42 which is sub-
stantially at right angles to the runway | along
which the airplane is to move in its take-off.

This would be the usual position. However,
the direction in which the camera points in the
zero position might depend upon circumstances
surrounding the particular cbservations that are
to be made. But, under normal conditions, it
would be desirable to take the pictures at a
starting point on the runway where the “minus”
angle of orientation of the camera at the start-
ing point would be substantially equal to the
“plus” angle at the opposite point of corientation
that the camera would have when the last pic-
ture is taken. For example, suppose that the
airplane is to start from a position of rest which
would necessitate the camera’s being swung
around to line it up on the line 4. The camera
would then be sighted on the airplane so as to
line up the vertical hairline 12 of the finder
{i with the middle point of the airplane as
viewed through the finder. When everything
is in readiness and the plane is about to start,
the starting switch 143 would be closed while
the switch 15f would be left open. The closing
of the switch 151 would pass current from the.
battery through the coil 124, energizing the poles
125 and 126, which would start the oscillation
of the oscillator 127, and at the same time, would
energize the pole 142 that would close the re-
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lay switch 136. This would pass current
through the coil 51 (see Fig. 5), which would
draw in the solenoid core 58, and exert a pull
on the link 59 and operate the feeding mecha-
nism shown in Fig. 7. This would advance the
film through one frame space preparatory to
taking the picture, and during this movement
the clockwise movement of the rocker plate 63
would exert thrust on the link 59 which would
give the shutter device (see Fig. 9) its forward
stroke, swinging it in a clockwise direction. In
this forward movement of the shutter no ex-
posure is made because the two slots 113 and (14
are out of register. As the shutter arrives at
the end of this clockwise movement, the edges
of the two shutter members that are adjacent
to the stop pin 116 contact with this stop pin,
and this lines up the two shutter slots 113 and
{14 while the wing portions ({1 and (12 of the
two shutter members are still holding the light
aperture 6 closed.

The oscillation of the lever | 32 will, in a short
interval of time, open up the circuit at one of
the contacts 133 or 134, thereby cutting out the
coil 124 which, of course, will de-energize the
pole 142, and this opens up the circuit through
the coil 51. The spring 87 (see Pig. 7) will then
return the rocker 63 to the position in which it
is shown in this figure and Fig. 5. This will
exert a pull on the link 59, which will give an
anticlockwise ratation to the shutter, swinging
it back to its position of rest; and in doing this
the aligned slots 113 and | 14 will effect the ex-
bosure of the “frame” of the film that is then
located in a fixed position at the light aper-
ture 6.

By adjusting the oscillator spring (29, the pe-
riod of oscillation can he regulated as desired,
So as to take the pictures with any desired time
interval between the €xposures. While the pic-
tures are being taken, of course the cameraman
will maintain the vertical wire 12 of the finder
{1 as nearly as possible on the middle point of
the airplane, although this is not absolutely
necessary because as hereinbefore explained, the
position of the image of the airplane with re-
spect to the image of the lines 35 and 36 is, as
long as the airplane is in the field of view of the
lens system, properly oriented in the image
space of the lens system.

As the distance from the camera to the run-
way is known or determinable, and as the screen
33 will form on the flm images of the refer-
ence lines 35 and 36 having a Predetermined
position in the image space of the lens system
which will have a correlated position optically
in the object space of the lens system, the orien-
tation of the image of the airplane with respect
to the images of the reference lines 35 and 3§
can be used to determine the position of the air-
plane in the object space of the lens system.
Thus, as the position of the airplane in the ob-
Ject space of the lens system can be determined
at each exposure or picture, the progression of
the airplane can be determined from a series of
positions resolved from the succession of pic-
tures taken at some known or predetermined in-
terval of time.

The exposing of the film can be stopped when-
ever desired by opening the main switch 143
because this de-energizes the coil 124 and holds
it de-energized.

Many other embodiments of the invention may
be made without departing from the spirit of
the invention,
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I claim as my invention:

1. An apparatus for recording the progression
of a vehicle moving in a pPredetermined course
of travel comprising: a camera having a lens
system; means for mounting said camera at one
side of said course for retation about a prede-
termined vertical axis » means for taking a suc-
cession of pictures of said moving vehicle on a
film passed through the camera as the camera
is maintained sighted on the moving vehicle;
and means for forming in said film as each pic-
ture is taken an image of a grid composed of a
plurality of horizontally ‘spaced vertical refer-
ence lines and a plurality of vertically spaced
horizontal reference lines, each of said reference
lines having a predetermined, fixed position in
the image space of said lens system whereby
the position of the image of said vehicle rela-
tive to the image of said reference lines on each
picture can be used to determine the position .
of said vehicle in the object space of said lens
system at the time each picture was taken, there-
by establishing through said succession of pic-
tures a plurality of spaced positions showing the
progression of said vehicle,

2. An apparatus for recording the progression
of a moving vehicle along a predetermined
course of travel cemprising: a camera having a
lens system; means for mounting the camera
for rotation about a predetermined vertical
axis; means for taking a succession of pictures
of said moving vehicle on a film passed througn
the camera as the camera is moved about said
axis to maintain said vehicle in the field of view
of said lens system: and a single translucent in-
dex plate bearing a plurality of spaced vertical
reference lines and spaced horizontal reference
lines and fixed with respect to the mounting
means for said camera, said plate lying in the
path of external light entering said camera and
serving to form in said film as each picture is
taken an image of said reference lines; thc or-
ientation of the image of saiq vehicle with re-
spect to the image of said reference lines indi-
cating the position of said vehicle in the object
Space of said lens system whereby the progres-
sion of said vehicle may be determined by said
succession of pictures.

3. An apparatus for recording the progression
of a vehicle in motion at an optically infinite dis-
tance therefrom, comprising: a camera having
a lens system; means for mounting the camera
for rotation about a vertical axis coincident with

~the transverse axis of said lens system; means
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for taking a succession of pictures of said moving
vehicle on a film passed through the comera as
the camera ig horizontaily moved to maintain
the moving vehicle within the fleld of view of
said lens system; and arcuate means located sub-
stantially in the focal plane of said lens sys-
tem in all positions of said camera and having
reference lines thereon whereby at each expo-
sure of said film composite images of said ref-
erence lines and vehicle are photegraphically
formed on said film, the orientation of the
image of said vehicle with respect to the image
of said reference lines indicating the position
of said vehicle in the object space of said lens
system, whereby the progression of raid vehicle
along its course can be ascertained from the
series of positions determined by the relative
positions of the images of each pictare of said
succession of pictures. :

4. An apparatus for recording the performance
of a vehicle in motion, comprising: a camera
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lens system; means for mounting the
about a predetermined ver-
the optical axis of seid lens
point of said system;
exposing a film vassed

having &
camera for rotation
tical axis intersecting
system at the rear nodal
means for intermittently
through the camera for taking a succession of
pictures on said film as the camera is moved
about said axis to maintain said vehicle in the
field of view of said lens system; and means, in-
cluding an arcuate, transparent screen having
thereon a. plurality of predeterminedly spaced
reference lines, and held in a position substan-
tially coincident with the focal plane of said lens
system in all positions of said camera, for regis-
tering on said film at each exposure theredof
images of said reference lines having a prede-
termined position in the image space of said lens
system whereby the orientation of the image of
said vehicle with respect to the images of said
reference lines can be used to determine the po-
sition of the vehicle in the object space of said
lens system at the time each picture of said suc-
cession of pictures was taken and the progres-
sion of said vehicle along its course can be re-
solved from the series of positions ascertained
from each picture of said succession nf pictures.

5. An apparatus -for recording performance
of an aircraft in flight, comprising: a camera
having a lens system; means for mounting the
camers for rotation about a fixed, vertical axis
to enable the camera to be horizontally moved
to enable the operator thereof to maintain the
aireraft within the field of view of snid lens
system; means for taking a succession of pic-

tures of said aircraft in flight on a film in said ;3

camera; 2 fixed, curved, translucent screen; a
plurality of predeterminedly spaced, opaque ref-
erence lines on said screen; means for fixedly
mounting said screen on said camera with the
center of curvature thereof coincident with said
fixed, vertical axis, said screen peing so disposed
relative to the optical axis of said lens system
as to be substantially coincident with the focal
plane of said system in all positions of said cam-
era so that images of said refercnce lines are
recorded on said film simultaneously with vhe
image of said aircraft at each exposure of said
film to form a composite picture in which the
orientation of the image of said aircraft with
respect to the image of said reference lines can
be used to compute the position of said aircraft
in the object space of said lens system. -

“"@. An apparatus for recording the performance
of an aircraft in flight comprising: a camera,
including & lens system, mounted for rotation
about the transverse axis of said lens system, said
camers being adapted to be horizontally moved
te maintain said aircraft in the field of view of
said lens system; said camera having a light
aperture through which the image of the aircraft
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is projected by said lens system; a fixed, arcuate, 8

transparent screen disposed substantially around
sald axis and closely adjacent to the path of the
Hght aperture when the camera is moved about

i4
sald axis; means for guiding a light-sensitive film
past the light aperture and on the other side of
the screen from the light aperture so that the
sereen is interposed between the same; feeding
mechanism for advancing the film; a shutter
mounted adjacent to said aperture; electro-

-responsive means for actuating the feeding

mechanism; means connecting the said mecha-
nism actuating means with the shutter for actuat-
ing the same; and a timing device for actuating
the electro-responsive means at known time in-
tervals to actuate the feeding mechanism and
the shutter, whereby a succession of pictures of
the moving aircraft is.imaged upon said film, said
sereen having a plurality of opadue, predeter-
minedly spaced intersecting lines thereon, images
of which are registered on said film simul-
taneously with the image of said aircraft, the

-jmages of said lines having a predetermined

fixed position in the image space of said lens
system, whereby the position of said aircraft in
the object space of said lens system may be deter-
mined from the position of the aireraft relative
to the image of said lines on each picture of the
succession of pictures taken.

7. An apparatus for recording the progression
of a vehicle in motion at an optically infinite
distance therefrom, comprising: a camera having
o lens system; means for mounting the camera
for rotation about a vertical axis coincident with
the transverse axis of sald lens system; means
for taking a succession of pictures of said mov-
ing vehicle on a film passed through the camera
as the camera is horizontally moved to maintain
the moving vehicle within the field of view of
said lens system; and a horizontally elongated
translucent screen located substantially in the
focal plane of said lens system in all positions
of said camera and having reference lines thereon
whereby at each exposure of said film composite
images of said reference lines and vehicle are
photographically formed on said film, the
orientation of the image of said vehicle with re-
spect to the image of said reference lines indicat-
ing the position of said vehicle in the objeet space
of said lens system, whereby the progression of
said vehicle along its course can be ascertained
from the series of positions determined by the
relative positions of the images of esch picture
of said succession of pictures.
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